Objective: We examine here whether multidimensional functional fitness is a better predictor of type 2 diabetes as compared to morphometric indices of obesity such as body mass index (BMI) and waist to hip ratio (WHR).
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Introduction:
In the mainstream thinking in the field of type 2 diabetes mellitus (T2DM) obesity is believed to be causal to insulin resistance, and subsequently to T2DM (1). Many shortcomings and paradoxes in this view are becoming apparent with increasing research inputs. The direction of causality between obesity, insulin resistance and hyperinsulinemia is debated. While the classical view presumes obesity to be primary, giving rise to insulin resistance and hyperinsulinemia as a compensatory response of the body, an upcoming view is that hyperinsulinemia has a causal role in obesity (2) (3) (4) (5) . Downregulation of insulin expression by insulin gene dosage (6) , pharmaceutical suppression of insulin (7) or fat cell specific insulin receptor knockouts (8) protect against obesity. Epidemiological evidence is predominantly associative and does not clearly show causal relationship of obesity with insulin resistance and hyperinsulinemia. In any case the association between obesity and insulin resistance is quantitatively quite weak throughout the globe with the variance explained being below 15 % in majority of studies (9) . Further, the association varies between populations, normal weight T2DM being more common in south Asians (10) (11) .
If obesity is a poor predictor of T2DM, one needs to look for alternative and more reliable predictors. There have been arguments and evidence about fitness being more important than fatness (12) (13) (14) (15) (16) (17) (18) (19) . However, most studies have looked at a single dimension of fitness such as grip strength (16) (17) , lower body strength (18) (19) or cardiorespiratory fitness (12) (13) (14) (15) . Most of these studies find that some form of functional fitness has a protective role against T2DM and many other life-style related disorders. However, fitness is a multidimensional concept which is difficult to capture in a single task performance test. Whether a multidimensional fitness score has greater predictive power than a single dimension or single task has not been addressed seriously. Currently there is no standardized set of test protocols for assessing multidimensional functional fitness. We found an opportunity to examine multidimensional fitness score as a predictor of T2DM using retrospective data from an exercise clinic in Pune, India which routinely conducted a multidimensional fitness test at entrance for every new participant. We use this opportunity here to make a preliminary assessment of whether it gives us a predictability substantially greater than that given by obesity parameters.
The clinic and the patient group:
Deenanath Mangeshkar Hospital and Research Centre, a multi-speciality hospital in Pune city, India opened an exercise clinic namely BILD (behavioural intervention for lifestyle 4 disorders) clinic in 2017. It serves as an exercise training centre for prevention as well as treatment for neuro-orthopedic, metabolic and endocrine problems. The exercise prescription is personalized depending upon the problem addressed along with the capacity and physical limitations of the individual. In order to record the capacity and limitations of the patients, the centre conducts a routine health related physical fitness (HRPF) examination of every entrant.
HRPF is a multidimensional functional fitness test consisting of 15 small tasks that examine different dimensions of physical fitness including abdominal plasticity, balance, endurance, flexibility, nerve-muscle coordination, muscle strength, core strength and agility. The set of tests, described in detail in the supplementary information, gives a differential score to each of the fitness components and a total composite fitness score. During past one year the clinic had performed over 800 HRPF assessments covering age groups between 18 and 84. We noted that type 2 diabetics in the sample ranged between ages 28 and 84 and therefore we used the same range for the non-diabetic counterpart of the sample. This resulted in the selection of 285 males and 378 females out of which 81 males and 69 females were type 2 diabetic.
Results:
BMI did not correlate with age significantly in either of the sexes (males r = -0.136, NS; females r = 0.085, NS). In both sexes WHR correlated positively with age (males r = 0.287, p < .001; females r = 0.227, p<0.001). In males, the HRPF score decreased with age but the rate of decrease was significantly steeper in diabetics (r 2 = 0.451 and regression slope = -0.961, CI = -0.72 to -1.28) than non-diabetics (r 2 = 0.342, slope = -0.625, CI = -0.505 to -0.74).
The pattern was similar in females but the difference in the slope was not significant (diabetics r 2 = 0.342 and slope = -0.747, CI=-0.531 to -1.03)) (non-diabetics r 2 = 0.296, slope = -0.642, CI = -0.523 to -0.7451)). Nevertheless the best fit regression line for diabetics lay below that for non-diabetics throughout the age range indicating that at any age group diabetics were less fit than non-diabetics (figure 1). 
4)). The difference between ORs of weakest and
strongest components was statistically significant for females (p one tailed 0.039), for males it was not statistically significant but the direction of change was similar. This suggests that weakest fitness dimensions appear to influence the association more than the strongest fitness dimensions for any individual.
Since we observed from the data that there was a significant association between low fitness score and T2DM, we tried to address the question whether diabetes leads to progressive decline of fitness or whether loss of fitness is a predisposing factor for diabetes. The age related decline in HRPF is faster in diabetics than in non-diabetics in males but not in females as shown earlier. If diabetes leads to progressive loss of fitness, we would expect people with longer duration of diabetes to have lower fitness scores. Among the individuals in the sample data on duration of diabetes was available for 52 males and 38 females. In this subsample, we did find a significant negative correlation between HRPF and duration of diabetes in males (r = -0.38, p = 0.01). After correcting for age the correlation was lost. On the contrary, the age-HRPF negative correlation was not lost after correcting for duration of diabetes (corrected r = 0.569, p = 0.01). This suggests that the apparent negative correlation of HRPF with duration of diabetes is likely to be contributed by age alone. In females, on the other hand, there wasn't a significant correlation between HRPF and duration of diabetes (r = -0.237, p > 0.05).
Therefore the prediction of the hypothesis that diabetes leads to a progressive loss of fitness is not supported by data. Although the causal relation cannot be ascertained from this analysis alone, its inability to support progressive effect of diabetes on fitness makes it more likely that loss of fitness predisposes to diabetes.
Discussion:
The different dimensions of functional fitness such as balance, endurance, flexibility, nervemuscle coordination, muscle strength, core strength and agility captured by component fitness scores were correlated positively with each other but the correlations were weak. This means that the different components of fitness are unlikely to be represented well by a single test or measurement. Fitness is necessarily a multidimensional concept and only morphometry or a single task performance does not reflect on overall fitness sufficiently well.
In particular, BMI and WHR were poorly correlated with the functional fitness components and therefore are unlikely to be good surrogates of overall fitness.
The most important finding of the study is that the multidimensional fitness score is a substantially better predictor of T2DM as compared to BMI and WHR in a cross sectional sample. Our study was retrospective and was not a randomized sample from the population.
Nevertheless there is no apparent reason why a self-selection bias would lead to lower fitness scores in diabetics as compared to non-diabetics. The study is certainly indicative and should be followed up with prospective studies with better sampling design.
The question whether any particular single component of fitness is a better predictor of T2DM needs to be kept open since we did not find a significant difference in their predictive ability in terms of OR. Nevertheless almost all single components had ORs smaller than the total score which indicates the importance of multidimensional functional fitness score. If some component is found to be consistently the best predictor across different populations, it may become a simple and single useful test in future, but from our sample it appears that it is necessary to look at different dimensions of fitness.
The exercise of taking the lowermost and uppermost scores suggests, on the other hand, that rather than a single component, an individual's weakest fitness components appear to determine the risk of being diabetic. This means that a balanced and all round fitness needs to be emphasized and only being normal weight or strong in one or two components may not be sufficient. Different types of exercises have differential emphases on particular fitness 13 components. Therefore rather than one particular type of monotonous exercise, diversity of exercises strengthening different components of functional fitness is likely to be a more successful preventive measure. This is an interesting possibility raised by this study which needs more research to explore its translational importance.
The study exposes the extremely limited role of obesity parameters in T2DM either as causal or simply correlated variables. Particularly since south Asia is known to have a substantial number of normal weight type 2 diabetics, it is necessary to move the focus from obesity to better correlated, and if possible demonstrably causal factors. Sarcopenia is a known predisposing factor for insulin resistance (20)(21) which would be reflected in some components of the fitness tests. However in our study balance, endurance and nerve muscle coordination were also good predictors of T2DM without necessarily being very highly correlated with muscle strength. Therefore it is possible that apart from fat and muscle mass, a number of other functional fitness parameters play a role.
The mainstream thinking about the aetiology of type 2 diabetes has undergone many radical changes in the history. Until the 1960s many researchers believed that T2DM had a Mendelian genetic origin (22) and genes predisposing to T2DM contributed to obesity by the tendency to produce large amounts of insulin (22) . In this thinking high insulin response was assumed to be causal to obesity. In the following decades the thinking was turned upside down and obesity was held primary and was believed to induce insulin resistance (23) (24) .
The mainstream thinking of over three decades that obesity leads to insulin resistance and further to compensatory hyperinsulinemia is challenged today again by the claims that hyperinsulinemia precedes insulin resistance (2) (3) (4) (5) and that high insulin levels are the primary contributors to obesity. While the causal relationship between insulin, insulin resistance and obesity is being debated, meta-analysis of the obesity insulin resistance showed that the correlation itself is quite week, explaining less than 15 % variance in most studies (9) .
Independent of the debate on the direction of the causal arrow, obesity-insulin resistance relationship by itself is inadequate to account for type 2 diabetes. Therefore there is an increasing need to look beyond obesity and look for stronger causal or at least better The BILD clinic from where we took data for the retrospective study, had established a scoring system for assessing the different dimensions of functional fitness for a different purpose. We used the same scores in our analysis although they were not primarily optimized for the hypothesis under investigation. It is possible with more focussed research that simpler but better optimized tasks for multidimensional functional fitness can be designed specifically for more reliable prediction of endocrine and metabolic disorders. If our findings are found consistent and reproducible in other studies, simpler but better predictors can be devised to find useful clinical applicability.
Methods:
Statistics used:
We used Pearson's correlation analysis to examine the interrelationship between different fitness components and their relationship with age and obesity parameters. Bonferroni correction was applied to use a conservative significance level since multiple correlations 15 were being performed. Since T2DM is an age related disorder and since age had a significant negative correlation with fitness, age corrected fitness scores were used for further analysis.
The male and female populations were divided into quartiles according to HRPF, individual fitness components, BMI and WHR. Odds of being a diabetic were calculated for each of the quartiles. Odds ratio (OR) between the 1st and 4th quartiles was used as a predictor. For the functional fitness components the odds of being diabetic were expected to be higher in the lowest quartile therefore the ratio of first to forth quartile was expressed. In the case of BMI and WHR, odds in the forth quartile were expected to be higher and therefore the ratio was expressed as forth to first quartile. The significance of difference between odds ratios was tested by z transformation of log OR difference using the standard errors of OR. We also looked at the odds ratios in the total population where males and females were ranked and quartiles identified separately and then pooled together.
To examine whether the best or the worst fitness components contributed more to the association between HRPF and T2DM, we ranked individuals for each functional fitness component independently and then added the 3 highest and 3 lowest ranking scores of every individual and looked at odds of being diabetic across their quartiles.
Multivariate normality was tested using ( Authors declare there is no conflict of interests.
